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Abstract
To develop products for young children is a real challenge because they have very diverse physical and psychological 
characteristics, which are in constant change. Therefore, designing a safety warning adequate to their comprehension abilities,
which is able to have a truly impact on their behavior, becomes a great challenge. Accidents with children are a world 
globalconcern, because these are one of the principal causes of death in this age group. The main types of accidents with 
children, and the biggest concern, are traffic accidents, drowning, burns, falls and poisoning.Because children in their day-to-day 
activities are exposed to a large number of toxic products,resulting in accidents,in this study the focus is the design of a warning 
for poisoning hazard targeting children from 9 to 12 years old. Contrary to what happens for adults, few studies exist that give 
guidelines on how to develop warnings, or other safety-related communication materials, for young children. After a review of 
the current warnings for poisoning hazard, a set of 4 focus group sessions with 20 children was conducted. We intended to 
understand how children can interpret the current warnings and also which are the principal characteristics that children search 
for in a warning in order to interpret it correctly. Results indicate that the current warnings for poisoning may not be appropriate 
for young children since a reduced number of children specified the correct meaning of existing warnings.Some guidelines for
designing new poisoning warnings are provided.
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1. Introduction
According to the World Health Organization, every day around the world over 2000 children die from an injury, 
whichmeans that more than 875 000 children under the age of 18 years die from injuries every year [1]. In 2004, 
approximately 950 000 children under the age of 18 died from an injury and the majority of these injuries were the 
result of road traffic collisions, drowning, burns, falls or poisoning. Child injuries are a growing global public health 
problem, they are not inevitable but they can be prevented or controlled. Injury prevention strategies need to take 
into account child development in different and sometimes changing contexts [2]. Injury prevention is especially 
important for young children. They have not developed cognitive abilities, which may be necessary both to 
appreciate the magnitude of the hazards they encounter and to know how to avoid them [3].
Warnings are an important part of a high quality system for preventing injuries [4], and Wogalter and 
Laughery[5]identified three main purposes of warnings: 1) to assist individuals in making informed decisions by 
conveying pertinent, safety-related information; 2) to reduce or decrease injuries and health problems by 
encouraging safe behaviors; and 3) to remind (or re-remind) users of potential hazards. But, because cognitive 
abilities of children differ from adults, particularly cognitive abilities of the very young, warnings need to be 
designed very differently as compared to those targeted at adults and few explicit guidelines exist for the design of 
warnings for children. 
Some aspects of guidelines aimed at adult populations can be adopted for use with younger children, these 
include: the need to make warning ‘stand out’ and the use of pictograms. Pictograms have been used, for example, to 
educate children and adults about poison prevention and to promote poison awareness. Designing safety signs for 
young children must involve sign comprehension testing with end users.[6]
Warning designersfor children need to consider their unique strengths and limitations. They also need to 
recognize that children vary considerably across a wide range of dimensions, including their level of development. 
This is true with children even within a relatively narrow age range. As a result, it is critical that designers take steps 
to systematically evaluate warnings developed for children with a representative target group to ensure these 
materials exert the intended effects. Designers must carefully test pictorials to determine whether children notice, 
comprehend and comply with the warnings as defined in the directives. Warnings may produce unintended affects if 
they are misunderstood. For example, children may not avoid poisonous substances labeled with the skull and 
crossbones symbol if they do not know it is intended to mean “poison”. For example, children who are not told 
otherwise may interpret the ubiquitous skull and crossbones pictograph to mean “pirate food”. This example 
highlights the importance of testing warning for children.It isimperative to reduce the chances that children will 
misunderstand the warning’s meaning and, as a result, be injured [3].
Waterson and Monk[7] published a work where they discussed their findings within the context of a revised set of 
guidelines and a set of suggestions aimed at working towards a more comprehensive approach to the 
design/evaluation of signs for young children. The scholars’ paper concluded a set of prominent topics for future 
research including a discussion of ways towards improving the support for design and evaluation, including 
behavioral testing with children, their parents and other caregivers. Accordingly, the focus of the present study is the 
design of a warning for poisoning hazard for children from 9 to 12 years old.
2. Methods
2.1. Participants
A total of 20 children participated in this study (11 girls and 9 boys). All participants were residents in the district 
of Lisbon, Portugal. With regard to the recruitment of children, two criteria were used for eligibility. A first criterion 
was gender, which was used to create the two groups. Gender is one of the variables that might influence the role 
played by attention, comprehension and attitudinal factors among young children according to Watersonand Monk
[7]A second criterion was being colleagues in a sports activity,which was also applied to facilitate participation and 
make discussions more dynamic between the elements of the same session. In this case, the girls belonged to a 
gymnastics group, and the boys to a football group. However, two female children wasnot in accordance with the 
second criterion as they were not part of the female sports group (gymnastics). However, as they were invited by the 
6088   Rita Boto et al. /  Procedia Manufacturing  3 ( 2015 )  6086 – 6092 
other children to join the session entered the discussion so they would not be discriminated. The children’s age 
varied between 9 and 12 years old, with an average age of 10.60 years (SD = 0.99). For girls, they were aged 
between 10 and 12 years old, with an averageage of 10.36 years (SD = 0.67). Boys were aged between 9 and 12 
years and aaverageage of 10.89 years (SD = 1.27). 
2.2. Procedure
Focus groups were selected as a method of data collection since they provide an opportunity for participants, in 
this case children, to discuss and react to each other’s viewpoints, thus promoting a greater diversity of ideas and 
feedback[7]. In this way it was possible to collect the perceptions and opinions of children about the poisoning 
warning’s existence and understanding, as well as what were the important characteristics to be considered in the 
design of a new poisoning warning for children of their age. 
A total of 4 sessions of focus groups were conducted. Four or five participants are probably the ideal number of 
participants, especially if they are younger children. Larger numbers with this age group can make it difficult for 
facilitators to encourage interactive discussions, while also ensuring that the session is not too noisy and difficult to 
transcribe [8]. Talking to the younger children in small groups proved to be successful when it was structured around 
themes and topics which may be of interest to them [7]. According to the above criteria, the participants were 
divided into two distinct groups, female and male gender. In the males group, the nine boys were divided in two 
sessions, one consisting of four and the second consisting five participants. For the females group, the 11 girls were 
divided in totwo sessions offive and six individuals. 
The focus group sessions were guided using a previously prepared script, which divided the sessions in two parts. 
Each parthad five distinct phases. The first phase introduced children to safety warnings, and evaluated the 
knowledge that they had about these warnings. This phase consisted on the preparation, presentation and assessment 
of warnings and their meanings. At the preparation step, the children wrote their names and respective assigned 
number on a sheet, and then this information was attached to the front of their t-shirts. This was done to facilitate the 
child's identification and posterior analysis of video and audio records. At this stage it was possible to analyze each 
participant’s main behavioral characteristics and, according to that, chose their seats in order to certifythe session 
was more controlled by reducing the effect of the extroverted or introverted participants. Then, the children were 
invited to go on their seats and the session was ready to start with the presentation step. At this phase, the study’s 
aims were explained and everyone had the opportunity to present themselvesby saying his/her name, age, school 
year, school name, place/location where they lived, and what were their hobbies. After the presentation step ended, 
the introduction of children to the security warnings phase began. All children were invited to express their views 
concerning two issues: What is a safety warning? Why different warning types exist, for example, why do they have 
diverse shapes and colors? In the next phase, the children were requested to state the meaning of the safety warnings, 
in particular the meaning of the warning for danger of poisoning. In this phase, we intended to minimize probable 
errors, thus a practice trial with two warnings (i.e., drowning hazard warning and danger of electrical shock warning) 
was conducted.  Each warning was presented together with a probable context use (picture). The children were then 
requested to write the meaning and verbalize what they had written after everybody had concluded the task. 
After a short break, the last activity in the second part of the session started. The children were then invited to 
draw a warning. They were requested to individually develop a new warning to improve the old one for poisoning. 
The children were alerted that they should take into account that the warning should target their colleagues and 
should be easy for them to understand. After this design phase, the children explained their designs and were 
requested to defend the colors and the other graphical decision they had made.
The children’s parents/guardians were asked to sign an authorization form that permitted the children to 
participate in the study.
2.3. Materials and equipment
The focus group sessions were all conducted in the same room. The room had an oval table with chairs, and the 
moderator was seated at one end of the table (see Figure 1). A Power Point presentation was used to support the 
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P– Presentation 
M – Moderator
moderation, namely to present some safety warnings. This presentation was displayed on a 32-inch television, which
was positioned on the other endof the table, opposite to the moderator. Participants occupied the remaining seats on 
either side of the table. The sessions were video and audio recorded for later analysis. Data was subsequently 
transcribed into Microsoft Excel.
Fig. 1. Room layout
3. Results
3.1. Warnings
Regardingthe children’s previous knowledge about the safety warnings, some children affirmed they had already 
studied them in school (55%); among these five were girls (25%) and six were boys (30%). The children revealed 
some difficulties in expressing their ideas, especially vocabulary difficulties to explain what warnings are, or even 
talk about the different types of warnings – "to warn or force people to do things". However, the majority of 
participants revealed they did know the warning’s general meaning or purpose (85%), eight of these were girls 
(40%) and nine were boys (45%). Some were not able to recognize the different types of warnings –e.g., "I do not 
think I have different types, the drawings are different and because of this they are different things." Yet, most were 
able recognize different types of warnings (90%) –"What can you do, what to do, what you have to do."
3.2. Interpretation of the meaning of warnings
Relative to the children’s understanding of the warnings’ meaning, the same method used by Hancock 
,Rogers,Schroeder and Fisk [9] was adopted. Therefore, the answers given by the children were evaluated according 
to the following system: 1 = incorrect; 2 = partially correct; 3 = completely correct. Correct answers were those 
considered as description of hazard. Partially correct answers were those considered as identifying danger but not 
specifying the action to be avoided. Phrase too specific sentences covered a very wide range of situations.
Concerning the children’s understanding of the meaning, it is clear that different results were obtained for each 
warning (Table1). The Drowning warning was completely understood by 80% of children. The Danger of electric 
shock warning was completely understood by 70%. On the contrary, only 10% of the children were able to provide a 
completely correct answer to the poisoning warning, a boy (5%) and a girl (5%). Most children (85%) gave an 
incorrect answer to this warning’s meaning.
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Table 1. Percentage of answers according to the categories of classification
Warnings meaning
Incorrect 
Num(%)
Partially correct 
Num(%)
Completely correct 
Num(%)
Drowning Hazard
     girls
     boys
2(10%)
2(10%)
0(0%)
2(10%)
1(5%)
1(5%)
16(80%)
8(40%)
8(40%)
Electric Shock Hazard
     girls
     boys
3(15%)
1(5%)
2(10%)
3(15%)
1(5%)
2(10%)
14(70%)
9(45%)
5(25%)
Poisoning Hazard
     girls
     boys
17(85%)
9(45%)
8(40%)
1(5%)
1(5%)
0(0%)
2(10%)
1(5%)
1(5%)
Table 2.Percentage of times that the elements appear in the drawings
Drawing elements
Number of girls 
Num(%)
Number of boys 
Num(%)
All participants
Num(%)
Shape
Triangle
Circle
Words
7(35%)
5(25%)
5(25%)
8(40%)
0(0%)
5(25%)
15(75%)
5(25%)
9(45%)
Colors
Yellow
Black
     Red
Colored
2(30%)
8(40%)
2(30%)
7(35%)
0(0%)
3(15%)
6(30%)
6(30%)
2(10%)
11(55%)
8(40%)
13(65%)
Figure 11(55%) 6(30%) 17(85%)
Slashed 
Cross 4(20%) 4(20%) 8(40%)
Slash 5(25%) 1(5%) 6(30%)
Mouth 9(45%) 4(20%) 13(65%)
Packaging 9(45%) 7(35%) 16(80%)
3.3. Drawings
In order to assess which visual elements were most valued by the children, they were asked to draw, individually, 
a new poisoning warning. The observation of these drawings gives some insights regarding which elements are more 
frequently repeated. In this context, to make such analysis, the number of times that a specific graphical element was
present was calculated.
It was found that the majority of children (75%) designed the warning with a triangle as a background shape and 
only five children adopted the circle as background shape (25%).
6091 Rita Boto et al. /  Procedia Manufacturing  3 ( 2015 )  6086 – 6092 
Concerning the use of words (textual component) in the warning, nine children (45%) used words,hence the 
majority (55%) did not use words.
With regards to the warning color, only two girls (10%) chose yellow. Black was used by 55% of the children. 
However, girls (40%) used the black color more than boys (15%). Concerning the red color, opposite results were 
obtained. Boys (30%) used red more than girls, since just two of the girls used it (10%). Therefore, a total of eight 
children used red (40%) for this warning. Finally, most children affirmed that the warning should have a colorful 
design (85%).
A human figure is present in most of the drawings (85%), and all the girls drew a figure in the warning. The 
poison package was the second most represented element in the drawings (80%). The cross was the third most 
represented element (40%), followed by a slash (30%). Regarding the human representation, great emphasis was 
given on drawing the mouth (65%), even though this was more frequent in girls’ (45%) than in boys’ drawings
(20%).
Fig. 2. Examples of the children’s drawings for the hazard of poisoning warning
4. Conclusion
Most of the participants in this study stated that they had already studied safety warnings in school. However 
based on their expression of what is a safety warning and their intended purpose is, we found that they had some 
difficulties in correctly expressing the warnings’ meaning, especially in terms of vocabulary. Nonetheless, most of 
the children knew what they were. This was equally truefor all the different types of warnings used.
At the end the interpretation of the presented warnings it was possible to observe differences among the three 
warnings. For the poisoning warning, we found that only a minority of children understood the significance of this 
warning because most described its significance incorrectly. Probably, as described in another study, this symbol 
relates to other symbols known by children [3], however poisoning is a major cause of death in children and as such 
deserves more attention. [2]
The drawings made by the children of a new poisoning warning for children of their age evidenced common 
features, some of which are common to the existing warning and some which are not. Through this it is possible to 
highlight the most observed elements that are: a triangular shape, a colorful design, a figure must be present, 
warnings are slashed and with emphasis to the mouth and packaging.
In order to assure if the common elements designed by children should be integrated as guidelines, future work 
should continue to do these tests with the children, a larger sample must be used, comprehension tests must be made 
by new sample of children and new warnings with the most common elements must be designed. Nevertheless, the 
present study gathers pioneering evidence that the existing literature has been lacking; guidelines for designing 
warnings for children may prevent children from having future accidents. [2, 10]
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